Abstract Purpose: Routine pathologic examination can miss micrometastatic tumor foci in the lymph nodes of patients with prostate cancer, resulting in confusion during tumor staging and clinical decision-making. The objective of this study was to clarify the significance of micrometastases in pelvic lymph nodes in patients who underwent radical prostatectomy for prostate cancer. Experimental Design:The expression of prostate-specific antigen (PSA) and prostate-specific membrane antigen (PSMA) in 2,215 lymph nodes isolated from 120 patients with clinically localized prostate cancer was assessed by a fully quantitative real-time reverse transcriptase-PCR.We regarded specimens in which either PSA or PSMA mRNAs were positive as proof of the ''presence of micrometastasis.'' Immunohistochemical staining of lymph node specimens with an antibody against PSA was also done. Results: Pathologic examinations detected tumor cells in 29 lymph nodes from 11 patients, and real-time reverse transcriptase-PCR further identified micrometastasis in 143 lymph nodes from 32 patients with no pathologic evidence of lymph node involvement. The presence of micrometastatic cancer cells was confirmed by immunohistochemical staining in 61lymph nodes from 17 patients with pathologically negative lymph nodes.The presence of micrometastases was significantly associated with other conventional prognostic variables, including serum PSA value, pathologic stage, Gleason score, and tumor volume. Biochemical recurrence was detected in 32 patients, 17 of whom were negative for lymph node metastasis by pathologic examination (including 4 patients with pathologically organ-confined disease), but were diagnosed as having micrometastasis. Biochemical recurrence^free survival rate in patients without micrometastasis was significantly higher than in those with micrometastasis irrespective of the presence of pathologically positive nodes. Furthermore, only the presence of micrometastasis was independently associated with biochemical recurrence regardless of other factors examined. Conclusions: These findings suggest that f30% of clinically localized prostate cancers shed cancer cells to the pelvic lymph nodes, and that biochemical recurrence after radical prostatectomy could be explained, at least in part, by micrometastases in pelvic lymph nodes.
Pelvic lymph node metastasis has been considered the most important predictive factor of disease recurrence in patients with clinically localized prostate cancer who have undergone radical prostatectomy. Patients with organ-confined prostate cancer have a good prognosis and a low risk of disease recurrence following radical prostatectomy, whereas biochemical recurrence, characterized by an increasing serum prostatespecific antigen (PSA) value, occurs in f10% of patients in this category (1, 2) . Because routine microscopic examination of lymphadenectomy specimens can miss small cancer foci, this finding might partially account for the presence of histologically undetectable micrometastases in the pelvic lymph nodes. In fact, various investigators have shown that higher sensitivity for detecting micrometastatic cancer cells in surgically removed pelvic lymph nodes at radical prostatectomy can be achieved by several molecular and histologic techniques targeting prostatespecific gene expression, including reverse transcriptase-PCR (RT-PCR) and immunohistochemical staining (3 -6) . To date, however, none of these methods have been introduced into clinical practice due to various limitations, such as a high falsepositive rate and complicated procedures. Collectively, these findings suggest that an improved approach for detecting micrometastatic prostate cancer cells in the lymph nodes needs to be identified.
Recently, a real-time detection and quantitative PCR-based assay was developed (7) . The advantage of this assay is the specific detection of rare events; that is, sensitivity has been shown to allow for the detection of 10 to 100 pg of RNA from the target gene. Furthermore, it is highly reproducible and quantitative, significantly eliminating the risks of contamination encountered with other types of PCR-based assays, and requires no post-PCR product manipulation. Accordingly, the method has been widely used for accurately detecting occult micrometastatic tumor burden in resected lymph node specimens (8 -12) . For example, Van Trappen et al. used real-time RT-PCR targeting the cytokeratin 19 gene, and reported that f50% of early stage cervical cancers shed tumor cells to the pelvic nodes, and the amount of cytokeratin 19 expression was related to the clinicopathologic features (8) . To our knowledge, however, there has not been any study analyzing lymph node specimens obtained from patients with prostate cancer using real-time RT-PCR assay in order to clarify the significance of micrometastases in biochemical recurrence after successful radical surgery.
Expression of the PSA and prostate-specific membrane antigen (PSMA) genes is exclusively restricted to prostate epithelial cells (4) , and this high specificity made it possible to identify metastatic prostate cancer cells among non -prostate cells. Moreover, these two genes are expressed heterogenously in prostate epithelial cells (4); thus, simultaneous targeting of these two specific antigens might promote the detection of metastatic prostate cancer cells with a wide phenotypic spectrum. Considering these findings, we did a fully quantitative real-time RT-PCR assay targeted against PSA and PSMA gene expression in 2,215 fresh pelvic lymph nodes obtained from 120 patients with clinically localized prostate cancer, then analyzed the clinical significance of occult micrometastasis of prostate cancer cells to pelvic lymph nodes.
Patients and Methods
Surgical specimens. This study was approved by the research ethics committee of our institution, and informed consent was obtained from all patients at the time of enrollment. Lymph node specimens were obtained from 120 patients with clinically localized prostate cancer who underwent radical retropubic prostatectomy and pelvic lymphadenectomy without neoadjuvant therapies between October 2001 and July 2004. Pelvic lymphadenectomy was done, targeting the obturator fossa and external iliac region by removing all fatty, connective, and lymphatic tissue. Lymph node samples were also available from seven female patients with invasive bladder cancer who underwent radical cystectomy. Each lymph node was bisected. One half was snap-frozen immediately and stored at À80jC until assessed, and the remainder was fixed in formalin, embedded in paraffin, and stained with H&E for histopathologic examination. In this series, all pathologic examinations were done by a single pathologist according to the Unio Internationale Contra Cancrum (tumor-node-metastasis) tumor stage classification (13) . Biochemical recurrence was defined as a serum PSA level of z0.2 ng/mL; none of the patients received any additional therapies until their serum PSA levels reached z0.4 ng/mL.
Real-time RT-PCR assay. Total RNA was extracted from lymph node specimens using the acid guanidinium isothiocyanate, phenol chloroform method, and 1 Ag of each total RNA was reverse-transcribed using an Oligo dT and Superscript preamplification system (Life Technologies, Rockville, MD). To analyze the expression levels of PSA, PSMA, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNAs, real-time quantitative PCR was done using Sequence Detector (ABI PRISM 7700; PE Applied Biosystems, Foster City, CA). The sequences of primers and probes for these genes were determined by Primer Express software (PE Applied Biosystems). Selected sequences of forward (F) and reverse (R) primers, and probes are as follows: PSA F, 5 ¶ CGTGG-ATTGGTGCTGCAC 3 ¶; PSA R, 5 ¶-TGGGAATGCTTCTCGCACTC-3 ¶; PSA probe, 5 ¶-CCTGTCTCGGATTGTGGGAGGCTG-3 ¶; PSMA F, 5 ¶-TTCTGT-TAAAAGCAGTGCTTCCAT-3 ¶; PSMA R, 5 ¶-CGTATTTCGAGGGAGAGAA-TAGCTA-3 ¶; PSMA probe, 5 ¶-CACGGCCTCTCTCACGGATTATAAGA-ACACA-3 ¶; GAPDH F, 5 ¶-GAAGGTGAAGGTCGGAGTC-3 ¶; GAPDH R, 5 ¶-GAAGATGGTGATGGGATTTC-3 ¶; GAPDH probe, 5 ¶-CAAGCTTCCC-GTTCTCAGCC-3 ¶. The probes used in this study consisted of an oligodeoxynucleotide with a 5 ¶ FAM (6-carboxy-fluorescein) reporter dye and 3 ¶ TAMRA (6-carboxy-tetramethylrhodamine) quencher dye. Each complementary DNA was analyzed by quantitative PCR in a 50 AL volume using Master Mix (PE Applied Biosystems). The thermal cycling conditions were composed of 50 cycles of amplification consisting of 15 s at 95jC and 1 min at 60jC.
Real-time quantitation was done based on TaqMan assay according to the manufacturer's instruction as described previously (14, 15) . After the generation of a real-time amplification plot based on normalized fluorescence signals, the threshold cycle (Ct), which is the fractional cycle number at which the amount of amplified target reached a fixed threshold, was determined. The Ct was then used for kinetic analysis and was proportional to the initial number of target copies in the sample. The starting quantity of a sample was calculated after comparison to the Cts of a serial dilution of a positive control, human prostate cancer LNCaP cells (American Type Culture Collection, Rockville, MD). All serial dilutions were carried out in duplicate, and the reactions to generate standard curves were repeated twice (each time in triplicate). All clinical specimens were also analyzed in triplicate and the mean values were used for quantification. The coefficient of variation for triplicate reactions was <10%, and the coefficient of variation between assays was also <10%. In this series, except for samples in which PSA and/or PSMA were not amplified, the ranges of Ct values for PSA and PSMA were as follows: PSA, 17.2 to 43.4; PSMA, 13.3 to 41.1.
Both the precise amount and quality of total RNA added to each reaction mix are extremely difficult to assess; therefore, transcripts of the GAPDH gene were quantified as an internal reference according to a quantitative PCR assay. The quantification value of PSA or PSMA mRNA was described as each value relative to GAPDH mRNA. To exclude false positives, we used the mean relative mRNA value plus 2 SDs of PSA or PSMA mRNA expression in 148 lymph nodes from female patients with bladder cancer as the cutoff value for PSA or PSMA, respectively, and values above the cutoff value for PSA or PSMA mRNA were defined as PSA-or PSMA mRNA -positive, respectively. In this study, we regarded specimens in which PSA and/or PSMA mRNA were positive as proof of the ''presence of micrometastasis.'' Immunohistochemical staining. In cases diagnosed as having micrometastases according to real-time RT-PCR, despite the lack of positive findings on routine pathologic examinations, sections adjunct to the site of the original sections for H&E staining were cut from the original formalin-fixed, paraffin-embedded blocks, and examined to determine whether occult foci of prostate cancer cells were present by immunohistochemical staining with a monoclonal antibody against PSA (Dako, Carpinteria, CA) using standard immunohistochemical techniques as reported previously (16) . After staining, the sections were counterstained with hematoxylin. All slides were reviewed by the same pathologist without knowledge of any clinicopathologic data, as described above.
Statistical analysis. Differences between the two groups were compared using the m 2 test, unpaired t test, or Mann-Whitney U test. The biochemical recurrence -free survival rates were calculated by the Kaplan-Meier method, and the difference was determined by log rank test. Forward stepwise logistic regression analysis was used to determine the association between several variables and biochemical recurrence. The significance of several factors in the time to biochemical recurrence was assessed by the Cox proportional hazards regression model. All statistical calculations were done using StatView 5.0 software 
Results
The expression of GAPDH mRNA in all lymph node specimens was confirmed. In 148 lymph nodes from seven female patients with bladder cancer, the mean values of relative PSA and PSMA mRNAs expression plus 2 SDs were 2.8 and 4.9, respectively, and these values were used as cutoff points for the positive expression of PSA and PSMA mRNA in lymph nodes from patients with prostate cancer in the subsequent study. Real-time RT-PCR assays in 2,215 pelvic lymph nodes from patients with clinically localized prostate cancer detected various amounts of relative expression levels of PSA and PSMA mRNAs (PSA: mean, 2.5; median, 0.6; range, 0-193; PSMA: mean, 4.4; median, 1.2; range, 0-792).
Twenty-nine of the 201 lymph nodes from 11 patients with prostate cancer showed histopathologic evidence of metastatic involvement, and real-time RT-PCR confirmed the expression of PSA and PSMA mRNAs in 29 and 28 nodes, respectively. In these 11 patients, positive PSA and/or PSMA mRNA expression was detected in an additional 53 histologically uninvolved lymph nodes; thus, a total of 82 lymph nodes were diagnosed as having occult micrometastases using real-time RT-PCR assay. Of the 2,014 nodes from the remaining 109 patients without histologic evidence of pelvic lymph node metastases, positive PSA and PSMA mRNA expression were detected in 84 nodes from 23 patients and 112 nodes from 29 patients, respectively. Among these, 53 nodes from 20 patients were judged positive for both PSA and PSMA mRNAs expression; therefore, a total of 32 patients were regarded as having micrometastases to pelvic lymph nodes. The relative expression levels of PSA and PSMA mRNAs in 225 nodes considered positive for micrometastases were as follows: (PSA) mean, 17.2; median, 15.1; range 1.9 to 193; (PSMA) mean, 32.4; median, 24.4; range, 3.1 to 792. These outcomes are summarized in Table 1 by dividing 120 patients into the following three groups: 11 with histologically detected lymph node metastases (group A), 32 with micrometastases despite the lack of histologic evidence indicating nodal involvement (group B), and the remaining 77 without any findings of lymph node metastases on histologic and real-time RT-PCR analyses (group C).
The incidence of micrometastases according to anatomic location was analyzed. Similar metastatic patterns of prostate cancer cells to the external iliac region and obturator fossa were observed between groups A and B, irrespective of the presence of histologically confirmed nodal involvement. We further compared clinicopathologic features among these three groups. As shown in Table 2 , despite the absence of significant differences between groups A and B in several of the factors examined, preoperative serum PSA, pathologic stage, Gleason score, and tumor volume in groups A and B were significantly greater than those in group C.
The median follow-up period of the 120 patients included in this study was 38 months (range, 15-48 months). In this series, biochemical recurrence occurred in 8, 17, and 7 patients in groups A, B, and C, respectively ( Table 3 ). The median intervals between radical prostatectomy and biochemical recurrence in groups A, B, and C were 6, 11, and 17 months, respectively. As Fig. 1 , biochemical recurrence -free survival rates in groups A and B were significantly lower than that in group C. However, there was no significant association between the number of positive nodes for micrometastases as well as quantitative values of PSA and PSMA expression with biochemical recurrence (data not shown). In addition, of the 66 patients with pathologically organ-confined disease, only 6 developed biochemical recurrence, among whom 4 were diagnosed as having micrometastases in the pelvic lymph nodes (Table 3) .
To evaluate the association between several clinicopathologic factors with biochemical recurrence, multivariate analysis using a stepwise logistic regression model was done. As shown in Table 4 , only the presence of micrometastasis was independently related to whether or not biochemical recurrence occurred. Furthermore, multivariate analysis using the Cox regression hazard model showed that only the presence of micrometastasis was independently associated with biochemical recurrence -free survival, irrespective of other factors examined in this study (Table 4) .
To further confirm the presence of micrometastatic diseases in pelvic lymph nodes, immunohistochemical stainings were done with a monoclonal antibody against PSA in 143 lymph nodes from 32 patients diagnosed as having micrometastases using real-time RT-PCR assays (despite the lack of pathologic evidence of nodal involvement). Sixty-one of the 143 lymph nodes (from 17 patients) were evidently stained with PSA antibody. Representative results are shown in Fig. 2 .
Discussion
Lymph node metastasis is the most useful factor predicting poor prognosis in patients undergoing radical prostatectomy for clinically localized prostate cancer. However, f30% of such patients without evidence of pathologic nodal involvement will develop biochemical disease recurrence (1, 2) . Although the etiology of biochemical disease recurrence following radical prostatectomy is likely multifactorial, a significant proportion of these recurrences might be due to occult metastases to pelvic lymph nodes undetected by routine pathologic examinations. Several investigators have assessed whether microscopic foci of prostate cancer cells are present in histologically uninvolved pelvic nodes using molecular and histochemical approaches (3 -6) , but the clinical significance of micrometastases in pelvic nodes remains controversial. Because accurate staging of prostate cancer facilitates the prediction of therapeutic outcomes and appropriate tailoring of adjuvant therapies to the individual patient, we investigated PSA and PSMA mRNA expression in 2,215 pelvic lymph nodes dissected at radical prostatectomy from 120 patients with clinically localized prostate cancer using quantitative real-time RT-PCR assay, evaluated the sensitivity of this assay for detecting occult lymph NOTE: Group A, patients with histologically confirmed lymph node metastases; group B, patients with micrometastases despite the lack of histologic evidence indicating nodal involvement; group C, patients without any findings of lymph node metastases. * Data are presented as mean F SD. Fig. 1 . Comparison of biochemical recurrence^free survival rates in groups A, B, and C using the Kaplan-Meier method. The biochemical recurrence^free survival rates in groups A and B were significantly lower than that in group C (P = 0.059, group A versus group B; P < 0.0001, group B versus group C; P < 0.0001, group C versus group A using the log-rank test).
node metastases, and analyzed various clinicopathologic factors according to the assay findings. In this series, standard pelvic lymphadenectomy targeting the external iliac region and obturator fossa for all 120 patients was done, and the mean number of lymph nodes removed at radical prostatectomy in these patients was 18.5. Based on an autopsy study, approximately 20 lymph nodes have been shown to serve as a guideline for optimal and representative pelvic lymph node dissection (17) , suggesting that the procedure for pelvic lymphadenectomy done in this study, which met this requirement, would be suitable. We also examined 148 pelvic lymph nodes obtained from seven female patients undergoing radical cystectomy for invasive bladder cancer to determine the appropriate cutoff points for the positive expression of PSA and PSMA mRNAs on real-time RT-PCR. Although it is a potentially crucial point to reduce the false positivity of real-time RT-PCR, it is usually difficult to establish cutoff points on this assay for diseases lacking specific markers. However, PSA and PSMA gene expressions are highly restricted to prostate epithelial cells (4) ; that is, although it is inevitable to detect extremely low levels of PSA and PSMA expressions considering the principle of this assay, lymph nodes from females theoretically do not express these genes, indicating that the cutoff points used in this study were properly determined. Furthermore, in order to avoid underestimating the significance of micrometastases of prostate cancer cells, the expression levels of both PSA and PSMA mRNAs in each node, which were shown to be heterogenously expressed in prostate cancers (4), were measured, and nodes diagnosed as positively expressing PSA and/or PSMA mRNA were judged to be the presence of micrometastatic cancer foci. Collectively, these findings suggest that the present study was carried out under ideal conditions, which contributes to the reliability of the current outcomes.
We diagnosed the presence of occult micrometastasis in 225 lymph nodes from 43 patients using real-time RT-PCR assay, including 29 histologically involved nodes from 11 patients. This proportion of micrometastases to pelvic lymph nodes was significantly high compared with that reported in previous studies evaluated by 4) , suggesting that the realtime RT-PCR assay used in this study was more sensitive than conventional RT-PCR. In addition, the differences in the procedures between real-time RT-PCR and conventional RT-PCR contribute to the enhanced specificity; that is, it does not require post-PCR manipulation, and quantitation and calculation are all automated. In fact, immunohistochemical staining with PSA antibody detected micrometastatic cancer foci in approximately half of the pelvic nodes diagnosed as positive for micrometastasis despite the lack of histologic findings.
Characterization of clinicopathologic features according to nodal status showed that there were no significant differences in several conventional prognostic factors between patients with histologically detected nodal involvement and those with nodes positive for micrometastases despite the lack of histologically positive findings. Anatomic locations of micrometastatic nodes were also similar between these two patient groups. In addition, the proportion of patients positive for micrometastases was closely related to several poor prognostic indicators (data not shown). These findings strongly suggest that even with the lack of histologic confirmation, some of the micrometastatic diseases diagnosed by the current real-time RT-PCR assay have biological characteristics similar to those of histologically positive nodal diseases. This hypothesis was supported by the incidence of biochemical recurrence following radical prostatectomy. Although the follow-up period of this study was too short to draw conclusions concerning the prognosis, there were no significant differences in the incidence of biochemical recurrence between these two groups. In addition, biochemical recurrence in four patients with pathologically organ-confined disease (diagnosed as positive for micrometastases) also supports this hypothesis. Furthermore, the presence of micrometastasis was independently associated with whether or not biochemical recurrence occurred-as well as the time to biochemical recurrence. Although longer followup periods are absolutely necessary to draw a definitive conclusion, the present findings suggest that some micrometastases in pelvic lymph nodes may, at least in part, contribute to the development of biochemical recurrence following radical prostatectomy.
To further address the significance of micrometastases in prostate cancer, several problems should be elucidated. For example, it would be of interest to investigate whether histologically undetectable or dormant micrometastatic disease in the lymphatic system will always progress to clinically significant recurrence after variable disease-free recurrence. If not, it will be necessary to develop a diagnostic system differentiating significant micrometastatic diseases from insignificant disease. Recent studies have reported the possible effect of lymphadenectomy on the survival of patients with pathologically confirmed positive nodes who underwent radical prostatectomy (18, 19) . If there is a survival benefit in pelvic lymph node dissection for such patients, it would be interesting to evaluate whether removing micrometastatic nodes affects the prognosis. Recently, several investigators showed the usefulness of novel approaches for detecting occult prostate cancer metastases in lymph nodes (20, 21) . For example, Shariat et al. reported that a splice variant -specific RT-PCR targeting the human glandular kallikrein gene can detect biologically and clinically significant micrometastases of prostate cancer in histopathologically normal lymph nodes (21) . The assessment of these issues may facilitate the determination of a more appropriate procedure for lymphadenectomy considering the findings on molecular staging.
In conclusion, the results of this study showed the usefulness of quantitative real-time RT-PCR targeting the expression of PSA and PSMA genes for identifying micrometastatic tumor foci in pelvic lymph nodes from clinically localized prostate cancer at radical prostatectomy. Although longer follow-up periods are absolutely necessary to draw a definitive conclusion, the present findings suggest that some micrometastases in pelvic lymph nodes may, at least in part, contribute to the development of biochemical recurrence after radical prostatectomy. 
